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DEVELOPMENT OF AIRCRAFT WINDSHIELDS TO RESIST 

IMPACT WITH BIRDS IN FLIGHT 

Part I 

COLLISION OF BIRDS WITH AIRCRAFT IN 
SCHEDULED COMMERCIAL OPERATIONS 

IN THE CONTINENTAL UNITED STATES 

SUMMARY 

This report covers the analysis of 473 
records of coll~smn of birds with alrcraft 1” 
scheduled operatmns from a permd prewous 
to 1942 through 1946 Most of the reported 
coll~smns occurred in the contmental Umted 
States, but some data are give” for Canada 

and Central and South America 
The data show that a bird colllsmn on 

scheduled arcraft occurs each 759,000 m,les 
of operatm”, which 1” 1946 corresponded to 
an average permd of 0.89 days 

The type of bird most commonly struck 
by arcraft 1s the duck Gulls and buzzards 
also are frequently hit XI more lmuted geo- 
graphlcallocatmns All b,rds are struckmost 

frequently durmg migratory seasons. and at 
low elevatmns above grou”d. 

More than one-fourth of all I e co r de d 
bird strikes occur on the airplane wmdshleld, 
of which about one-third result in severe 
damage. Approxzmately one-fourth of a 11 
strikes result m severe local damage to some 

portlo” of the arcraft structure. 

INTRODUCTION 

During the past several years lncreaslng 
concern has bee” felt by the axcraft mdustry 
and governmental organxatmns Interested 1” 
safety of ccmmerc1al axr carr,er operatmns 
regarding colllslons of arcraft with b,rds ,n 
illght This feeling has bee” accentuated by 
an apparently mcreasmg number of such accl- 
dents which result I” appreciable damage to 
the airplane or m,ury to the pIlot, and by con- 
slderatmn of probable mcreasmg future haz- 

ards associated with larger and higher speed 
com”erclal a1rcraft 

As a result of such Interest the C lvrl 
Aeronautrcs Admznlstratlo” I” 1942 undertook 
a development program concerning means of 
rmprovmg Impact resistance of aIrcraft wind- 

shields. In addltmn. the CAA started to ac- 
cumulate data regarding the frequency and 
condltmns of such coll~s~cns 1” order to learn 
the extent of thzs hazard 

Data I” this connectaon were obtamed on 
special questmnalre forms furmshed by the 

Air TranspartAssoclatlonand fllledout by the 
various alrlme operators for eachoccurrence. 
Further data were obtamed from a c c , d e “t 
records of the Clvll Aeronautzcs Board, and 
d 1 r e c t 1 y from aullne operators. It 1s the 
purpose of this report to sun,marlze and ana- 

lyze the datawhIch have been obtamed through 
December. 1946 

Acknowledgement IS ma de to the Air 
Transport Assocmtm” and to the various air 
carrier operators through whose cooperat,“,, 
the prmclpal data utllzed herem were ob- 
tamed 

GENERAL SCOPEAND 
ACCURACY OF DATA 

As this report 1s a statlstwal study of 

the frequency and condltlons of call~smns of 
commercial aircraft w,th birds, It 1s of u”- 
portance to co”s,der the llmltatmns and pos- 
slble lnaccuracles of the data abtamed. 

Before 1942, data were avalable only 
from formal reports made to the Cl”11 Aero- 
nautlcs Admlnlstratmn lnvolvmg lnterruptmns 
to scheduled illghts Such data were mcom- 
plete. and of such small number as to preclude 
statlstlcal lnvestlgatlo” 

I” 1942 accumulatmn of data from the 
alrlme operators, through the A,r Transport 

Assocmtmn. began. and resulted 1” a more 

complete reportmg of bird strike “ccurrences 
However, certal” llmltatmns eve” ,n the s e 
data are evxdent. The prl”c,pal lrmltatmns 
may be llsted as follows 

(1) A tendency apparently exists I” 
reportmg bird coll,smns, partxcularl, I” the 
earher data, to neglect strlkrs which do not 
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damage the airplane, or which do not occur 
m the vxcmmty of the wmdshleld. 

(2) Allof the data desired for each bird 
strike were not reported m each mstance. so 
that analyst of the var1ons factors cannot be 
based on all the accidents reported. and the 

“armus factors cannot be completely corre- 
lated . For example, the type of bird struck 
and the alrspeed atwhlch the strike occurred 
were not given m all cases. The form dls- 
trlbuted to the alrlmes had no space speclf- 
xally allotted to statement of altitude at the 

time of strike. 
(3) The various alrlmes dxl not report 

the occurrence of bird strikes with the same 
degree of thoroughness. This 1s e-dent from 

the data obtamed. and from checks made of 
sources other than the reports fur n 1 she d 
drrectly by the varmus compames. It IS %P- 
dlcated that reasonably complete data we r e 
obtamed only from one alrlme operator des- 
lgnated as Alrlme “A”. 

(4) The data obtamed. wulth few ercep- 

tmns. mvolve the Douglas DC-3 airplane so 
that possible effects of different wmdslueld 
arrugements cannot be dlstmgushed. 

(5) Some data have been obtamed con- 
cernrng bnd coll~smns with mll~tary alraraft, 
andin forelgnoperatlons of domestic airlines. 
The former data have notbeen mcluded m thla 
report, and the latter data are noted where 

used. 
The number of bird strikes reported by 

varmus domestic alrlme operators for each 

year from 1942 through 1946 1s shown m 
Tables I(a) and I(b). It 1s noted that a total of 
473 airplane colllsmns were reported, of which 
408 occurred m the Urnted States, 8 m Canada, 
and 57 1n Central and South Amerrca and the 
Carrlbean e.rea. Of the 408 colllslons 
occurrmg 1p the Umted States, 221 were re- 
ported by Alrlrne “A” whose operatmns cover 
approximately 20 per cent of the total reveaue 
nules flown. 

Itls noted that a general mcrease m the 

number of reported strikes occurs m the later 
years. The trend rndlcated may be attrrbuted 
both to an increase m the air m&s flown and 

to 8orr.e increase in the proportmn of strrkes 
reported. In the case of some alrlmes. there 
appears a marked decrease m the number of 
strikes for certam years. It 1s probable that 
suchdecrease was caused byfallure toprepare 
formal bird collusion reports for that period. 

FREQUENCY OF COLLISIONS RELATED 
TO REVENUE MLLES FLOWN 

AND SEASON OF YEAR 

One of the most slgmhcant results whxh 
It 1s desirable to obtam from bud colllsmn 

statlstlcs IS B knowledge of the average fre- 
quency at which such coll~smns occur. or the 
average number of revenue roles flown for 
each bxd strike. However, the present data 
cannot be used III rts entirety for such a de- 
termmatlon because of rts known mcomplete- 
ness. As the data obtamed from Alrlme “A” 
are known to be reasonably complete, and as 

the revtnne n-ales flown by this alrlme are 
approrlmately cne-fifth oi the total m 11 e s 
flown by all domestic alrlmes, the data ob- 
tamed from Alrlme “A” rep r e sent a good 
statistical sample of all air carrier operatmns 

These data, therefore. were utlllzed to deter- 
mine bird colllsmn frequency, and are plotted 
ln Fig. 1. 

Inapplymg Alrlme “A” data to other air- 
lme operatmns, the posslbllity exists that the 
a I r 1 in e taken ins a sample might operate m 
regions of the country w he r e probablllty of 
bird strikes is greater or less than the average 

probability for the entlre country. However. 
as Alrlme “A” operates entirely across the 
continent. it 1s believed that the sample used 
1s reasonably representatwe of alloperatrons 

It is seen from Fig. 1 that the average 
expectatmn of a bud strike on an axplane m 
scheduledalr carrier operatmns is one strrke 
for each 759,000 m&s of flxght. Durmg the 
year 1946 a total of 309.592,647 miles were 
flownby all operators on scheduled flights, so 

that 759,000 nules covered an sverage permd 
of 0 89 days. It may be concluded that during 
1946 bud strikes on air carrier azr craft 
o cc u r r e d at an average rate of about eight 
per week, and (L total of 408 strikes occurred 

durxng the year on all al* lmes. although LL 

total of only 99 strrkes were reported. 
Aswrll be discussed m later SectIons of 

th 1 s report. a large proportmn of the brrd 
colllsmns involve small birds and strikes on 

portmns of the awcraftwhlchare not especially 
vulnerable. Further, a majority of strikes on 
the wndshleld. which 1s considered the most 
hazardous locaton for coll~smn. do not cause 
serious damage. Therefore, the frequency of 
bird strikes uwolvmg posslble serious hazard 
to the alreraft 18 considerably less than the 
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TABLE I(a) 

REPORTED BIRD COLLISIONS WITH AIRCRAFT IN 
SCHEDULED OPERATION IN UNITED STATES 

AIRLINE 

A 

B 

C 

D 

E 

All Others 

TOTAL 

T NUMBER OF REPORTED COLLISIONS 

BEFORE 
1942 1942 1943 1944 1945 1946 

1 39 29 37 57 58 

2 10 5 22 14 28 

3 13 12 11 -- -- 

1 7 4 2 10 a 

-- -- 2 3 1 -- 

7 4 6 10 5 5 
------ 

14 73 58 a5 67 99 

* Including eight hlrd strikes occurring m southwestern Canada 

TABLE I(h) 

REPORTED BIRD COLLISIONS WITH DOMESTIC AIRLINE 
AIRCRAFT IN SCHEDULED OPERATIONS IN CENTRAL 
AND SOUTH AMERICA AND IN THE CARRIBEAN AREA 

AIRLINE 

F 

All Others 

TOTAL : 

YEAR 
rOTAL 

221 

81 

39 

32 

6 

37 

416 h 

NUMBER OF REPORTED COLLISIONS --__ 
BEFORE 5-YEAR 

I942 1942 1943 1944 1945 1946 TOTAL 

1 5 a 5 16 11 46 

7 I 5 8 8 17 12 I 57 

frequency of all bird strikes on the alrplane 

A further slgmfwantfactor shown InFig. 
1 IS the large varlatmn In frequency of bird 
collisions with the season of year The great- 

est co 111 s 1 on frequency occurs durmg the 
sprmg and fall seasons at a time when n-ogre- 
tmn of birds 1s at a maxzmum During 
September and October bird strikes are about 
ten txnrs as frequent for a given number of 
miles flown as m December when the strike 

frequency IS at a rmnxnurn. and strikes occur 
durma these months at about twice the average 
annual frequency Forty-six per cent of the 

total colllslons occur m September, October 
and November, and 29 per cent occur in 
March April and May 

It IS of further interest and slgmflcance 
that the seasonal varlatlon of frequency of bird 
strikes corresponds closely to the density of 
bird movements For example. the mlgratmn 
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Fig 1 Average Monthly Bird Strike Frequency For Five Years, 1942-1946, 

Complied From Reports SubmItted by AlrIme #‘A,’ 
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of birds durq the fall season 15 greater than 
the sprmg m 1 g rat 1 on because of the large 
number of young birds after the breeding 
permd. and because of the considerable mor- 
tallty of birds durmg the wm,ter season from 

natural causes and from huntmg The move- 
ment of birds durmg December 1s small, w,th 
some lyreased movement occurring in 

.lanUa*y These pomts are reflected exactly 
xn the bird colllslon data 

It may be assumed that the frequency of 
bird strikes related to revenue rmles flown, 
w hlc h has been enstent over the past five 
years, ~111 remal” at the same level r, the 
future, and that commercw.1 air traffic will 
r,crease in the amount commonly predIcted 
In 1947, ant1cipatmg 350 mllllon alrllne rev- 
enue m&s, bird strikes may be expected on 
an average of about nr,e per week In 1950, 
a l-8 t 1 t 1 pa t 1 n g 440 mllllon re”enUe nules of 

’ F C Lmcoln - “Alrlme Network of 
Migratory Birds,” The Alrlme PIlot, Vol 2, 
No 9. October, 1942 

flight, strikes ~111 occur at a rate of about 12 
per week It alsomay be antmpated that with 
greater arcraft crulsmg speeds, the severity 

of damage suffered xn such colllsmns ~111 
increase 

ALTITUDE OF BIRD STRIKES 

The altitudes above local ground-level 

at w ~ch bird colhsmns have occurred are 
‘I 

shown ln Fq 2 This flgure 1s based upon 
records of 107 colllsmns where the altitude of 
the amplane at the trne of the strike was re- 
ported 

In anumber of callls~on reports no 
specific altitude was given, but the phase of 
operatmn was g Eve n as “landmg” or ‘ltake- 
off” Such strikes were classlfled I,, the 
groupmg for 0 to 2000 feet above local ground 
elevatmn 

The data in Fig 2 show that approxmately 
two-thirds of all colllslons occur less than 
2000 feet above the local ground elevatmn, and 
that more than 95 per cent of all colllslons 
occur at an altitude less than 6000 feet above 

the local 8 r o u n d elevatlan However, brrd 

F ‘g 2 Frequency of Bird Strikes as Effected by Elevatxon Above Local Ground 
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s t r Ike s have been experienced at altitudes 
above sea-level as great as 12,000 feet, and 
conslderatmn must be given to the fact that 
collisions at all hlghe I altitudes involve 
greater fhght speeds and possibly greater 
potential hazard than at the 0 to 2000 foot 

level 
The trend shown in Fig 2 for increase 

in colhsian frequency with decrease m altitude 
a have ground 1s m general agreement with 
the known altitude dlstrlbut,on of bird density 
It has been shown that the largest number of 
blrdfllghts occw atlaltltudes above ground of 
less than 4000 feet However, It IS possible 

that the data plotted in Fig 2 do not present 
an accurate picture of potential c 0 11 Is 10 n 
hazards at the lugher altitudes If it were 

feasible to weight these data, to take mto can- 
sIderation the known decrease m a 1 r c r aft 
traffic density at the lngher altitudes, the 
possllxlltyof colllsmn at such altitudes might 
be shown to be somewhat greater than that 

lndlcated Past commercial operatmns at 
altitudes greater than 12.000 feet above sea- 
le ve 1 have been extremely llmlted, and the 
possltnllty of strikes at such altitudes 1s not 

excluded by the present results 

TYPES OF BIRDS INVOLVED IN 

AIRCRAFT COLLISIONS 

Fig 3 shows the frequency of strlkmg 
various types of buds, as listed in 188 bird 
colllslonreports mwhlch the type of bird was 
ldentlfled Table II 5 how s the average and 
maxnnurn weights of some of the vallous types 
of birds Involved 

As shown ,n Fig 3, the greatest portlo,, 

of recorded bxd strikes mvolve ducks, gulls, 

and buzzards. with only small numbers of 
each of 16 other types of birds listed 

The weights of va~raus bird types shown 

in Table II vary over wide ranges accordmg 
to particular species For example. ducks 

MAJOR BIRD TYPES INVOLVED 

DucKs - 

GULLS -‘I 

BUZZARDS 1 
111111111111111111111111111/11/11/1/1,,11,,11,,,,11,1,1lllll,,,,1 

0 ID 20 30 40 50 60 

NUMBER lN”OL”E0 -- --- 

LARGE BlROS f 6- 38 LSS ) MEDlUM BIRDS II- 6 LES 1 SMALL BIRDS (0-l LB1 

SWANS HAWKS PIGEONS 

GEESE MUD HENS LARKS 

EAGLES PHEASANTS ROBlN 

CONDOR OWL SPAR ROW 

SANDPIPER 
b 

IlIIlllIII GROW 1, , , , , , , , , BAT k,,,l ,,,,, 

0 10 0 IO 0 10 

NO INVOLVED NO INVOLVED NO INVOLVED 

LEGEND UNITED STATES I SOUTH AND CENTRAL AMERICA 

Fig 3 Relative Frequencxs of Bird Strikes Involvr,g Varmus Types of Identlfwd Birds 
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TABLE II 

WEIGHT OF BIRD TYPES INVOLVED IN AIRCRAFT COLLISIONS 

MALE FEMALE 
Average Average 
lb - oz. lb. - oz. 

MAXIMUM 

lb - oz. 

DUCKS, Bufflehead 0 - 15.6 0 - 11.3 l- 5 
Black 2 - 11.8 2 - 6.0 3 - 13 
Wood 1 - a.7 1 - 6.9 2- 0 
American Elder 4 - 6.1 3- 6 4 - 10 
Paclflc Elder 5 - 11.9 5- 7 6- 6 

GULLS, Herrmg 
Great Black 

BUZZARD (Vulture) Turkey 

HAWKS, Goshawk 

Red Shouldered 
Broad Wmged 

2 - 10 5 L- 47 
3 lb. to 4 lb 

4 lb. 8 oz. 

2 lb. to 3 lb 
1 lb. - 12 oz. 

1 lb. - 8 oe 

3- 0 
5- 0 

4-i a 

2- 6 
1 - 10 

DOVES (PlEeOnS) Common 
Pigeon 

Eastern Mournmg 
Band Talled 

MUD HEN. Coot 

EAGLE. Bald 

Golden 

GEESE, Cacklmg 
Common Canada 
Greater Snow 

SWAN, Trumpeter 
Whrstlmg 

OWL, Great Horned 
Barred 

0 lb. - 9 1 OZ. 0 - 14 

0 - 4.6 o- 4.4 0- 6 
0 - 12.3 0 r 12.8 0 - 155 

1 - 4.2 l- 1.4 1 - 10 

6 lb. to 10 lb. 13- 0 

9 lb. to 11 lb. 14- 0 

4 - 6.7 2 - 15.5 5- 9 
8 - 5.6 7 - 4.5 13 - 12 
7- 5 6- 24 lo- 7 

27 - 14.5 22- 9 38- 0 
15 - 12.8 13 - 10.2 18 - 10 

4 lb. 6- 0 
2 lb. 3- 0 

Data furmshed by the Fish and Wild L .lfe Service, U. S Department of Interior. 

vary from less than one pound to more than 
5-l/2 lbm average weight of different species. 
Slm’lar wide varmtlons are obtamedwlth gulls 
and hawks In most bird colhsxms only the 
general type of bird can be ldentlf’ed. If Iden- 
t’flcatmn at all 1s possible. and only a few 
cases exist where accurate knowledge of bird 
weqht was obtained 

It may be concluded that the greatest 
port1onof recorded bird strikes mvolve types 
of birds with average weights xn a 1 to 5-l/2 
lb range and with maxunur,, weqhts of 6 to 
6-l/2 lb. 

Qf the 166 strikes mvolvuq ~dent’fled 
birds occurrmg 1m North and South Amerxa. 
a total of seven birds. or 3 7 per cent 01 those 
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Id@ntlf,@d,w@r@ of heavy-weight types These 
n,clude swans. geese. eagles, and condor with 

maximum wolght as high as 38 lb In 149 
strikes occurrmg mthe Umted States mvolvmg 
ld@nt,f,@d birds, six birds or 4.0 per cent 

w@r@ of the heavy-weight type However, the 
p r o p o r t, o n of such heavy birds among the 
total Id@nt,fl@d birds probably 1s greater than 
the,= proportmn among all buds Involved 1n 

airplane colllslon 
The values given I,, Fig 3 for the number 

of buzzards struck show the number mvolved 

m domestic a,rlm@ colhsmns and in foreign 
operations of a domestx alrlme m South and 
Central America and in the Carrlbean area 
It 1s apparent that most colllslons 1nvolvrng 
buzz a r d s occur I,, the tropical and semi- 
trop,cal regmns of South and Central America 

The bird strike reports also show that 
about 75 per cent of all strikes reported for 
Central and South America mvalve buzzards 
It 1s not apparent whether these figures rep- 

resent a true condltmn, or whether colllslons 
lnvolvlng small birds generally were less 
noticeable and were not reported 

In Fig 4 are shown the number of calll- 
S,O,,S each month mvolvmg ducks and g ull s 

compar@dw,th the total number of bird strikes 
for each month over the five-year period. 

T he r e is a general agreement between the 
three curves In particular, the data for gulls, 
wh, ch are known to be migratory birds but 
which are usually associated with collusions 

occurrmg in landmg and take-off phases of 
fl,ght, follow this characterlstlc s e a s o na 1 
vanatmn The curve for gulls, III addltmn. 
shows a peak 1” July whxh can be explamed 
by the known large movement of young gulls 
durmg this period 

The tota absence of colllsmns rnvolvmg 
due k s durmg June and July for this entlre 
five-year permd 1s of especial mterest. It 1s 

known that movement of ducks 1s small durmg 
the s umm e r months followmg the breedmg 

season. 
A total of 38 colllslons, or about a per 

centof the total number of colllsmns reported, 
were of anespeually hazardous nature ,n that 
1n each case an enhre flock of birds was in- 

volved. In some cases as many as SIX birds 
struck drfferent portmns of the airplane slmul- 
tA”CC.USlY. In most such case s the flocks 
consrsted of ducks and gulls In one case a 
flock of swans was hit 

The number of flocks of different bird 
types mvolved ,n arcraft colllsmn was as 

follows 

Ducks 14 Hawks I 
Gulls 11 Plg@OnS 1 
SWa”S 1 Shore Birds 1 
Buzzards 1 Umdentlfled 7 
Pheasants 1 

Of five colllsmns, where penetratmn of 

the windshield by buds caused bodily m,ury 
to axplane personnel. two Involved colllsmn 

with flocks 

TYPE OF BIRD RELATED TO 
AIRPLANE VELOCITY AND ALTITUDE 

The relatmnsh~p between the v a r 10 us 
types of birds mvolved m alrcraft strikes and 
the veloclty of the airplane and Its altitude 
above local ground levelat the tnne of colllsmn 

IS of n-nportance m connectmnwlth the general 
condltmns of flight un de r which strikes u-.- 
volvmg large birds may be expected 

InFq 5. based upong6blrd strike 
records, the number of birds of the prmclpal 
ldentlfled types which were struck wlthm the 

three speed ranges of 50 to 100, 100 to 150. 
and150to 200mph 1s shown These ax-speed 
ranges associated with the DC-3 airplane can 
be approx,mat@ly correlated as follows to the 

phases of flqht 

50 to 100 mph landmg and take-off run 
speeds 

100 to 150 mph clm,bmg after take-off 
andmeklng approach be- 
fore landmg 

150 to 200 mph crlusmg and descendmg 

speeds 

As mdxated I,, Fig. 5, coll~smn records 

show that most of the high speed (150 to 200 
mph) coll~sux,s occur with ducks and thatmost 
of the low speed (50 to 100 mph) colllsmns 
occur with gulls At mtermedlate speeds (100 
to 150 mph) the maximum total number of 

bird strikes occurred In this mtermedlate 
range. s t I 1 k e s mvolvmg gulls are slightly 
gr@at@r mnumber than strikes mvolvmg ducks 
Itrs of mterestto note that only a small nun-.- 
her of gull strikes occurred III the 150 to 200 
mph range, and that no buzzards were struck 
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F 1 g 4 Total Monthly Number of Wrd Colllslons For FIW Year Period, 1942-1946 , 
lnvolvlng Du&s, GULLS. and All Birds 
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LEGEND 

DUCKS GULLS BUZZARDS MEDIUM LIGHT 
WEIGHT BIRDS WEIGHT BIRDS 

PERCENT OF TOTAL 

Fig 5 Identlfwd Bird Types Struck at Varmus &rcraft Veloatles 

at 50 to 100 mph 
Related data are shown m Fig 6 for 64 

bIrdstrIkes ,n which both the type of bird and 
a 1 t 1 t u d e of the airplane above local ground 
level are known This fvgure shows that the 
greatest number of most ldpntlfled bird varl- 

et,e=z are struck by aircraft at alt,tudes less 
than 2000 feet above local ground level. and 
that at this level gulls are most commonly 

struck At elevations above ground level be- 

tween 2000 and 4000 feet, all tvpes of birds 
exceptthevery small species are struck, ducks 
bemg the mast commonly hit 

Above 4000 feet the ldentlfled types 

struck consist only of ducks Because of the 

lumted nunbe- of such data. the posslblllty 

of hlttmg other types of birds at high altitudes 
should not be excluded 

In general the data shown ln Fig 6 mdl- 
cate that ducks may be hit at any altitude up 
to 10,000 feet above local ground level, but 
most commonly at low levels, thai other 

commontypes of birds may be hit at altitudes 

below4000 feet and especmlly below 2000 feet, 

and that gulls are the type ofblrd most 
commonly hit at low levels 

LOCATION AND SEVERITY OF 
STRIKES ON AIRPLANE 

Data obtamed from 473 bard strike re- 
ports mvolwng 488 birds are shown In Fig 7 

m connectxon with the locatmn and severity 
of the strikes upon the arcraft structure As 

Indlcatedprevlously, practically all of the data 
obtamed concern the Douglas DC-3 airplane, 
with only a few strikes lnvolvlng Douglas DC -4 
and other airplanes 

In Fig 7 are shown the relative propor- 
tlons of all strikes which occur separately on 
the wing, wlndshleld, f u s e 1 a g e. engme and 
propeller, landing lights, and onmlscellaneous 
parts suchas antenna masts, Icing indicators, 

tall structure, etc The wmdshleld strikes 

are separated from the general fuse lag e 
strikes, and the landmg light strikes are 
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DUCKS GULLS BUZZARDS YEOIUY LION1 
WEIGHT BIRDS WEIGHT BIRDS 

0 IO 20 30 40 50 60 
NUMBER 

Fig 6 Identlfled Bird Types Struck at Varmus Altitudes Above Local Ground Level 

separated from the general wing strikes, be- 

cause of thelr particular Interest 
In Fig 7 also are shown the proportmn 

of strikes ateach generallocatmnwh~chresult 
II, severe, moderate, or no damage 

SEVERE DAMAGE 1s defmed as consld- 
erable bucklmg or mdentatmn. penetratmn, or 
failure of any portmn of metallic structure. 
damage which affects the engme operahng 
characterlstxs, or ma,or crackq or pene- 

tratmn of glass Common examples are deep 
mdentatmn of the leadmg edge of the wmg with 
nbs buckled, rocker arm housmgs on the engme 
broken,,ammmg of engme arscoops, or ma,“= 
crackmg or penetratmn of the wmdshleld 

MODERATE DAMAGE IS de f lne d as 
m 1 no r or moderate mdentatlon of metal or 

nunor crackmg of glass Common examples 
of this condltlon are skm mdentatlons which 

may be readily repaIred, minor crackmg of 
windshield glass, or moderate bendmg of 
engme cowl,ng, air ducts, or lgnltmn harness 

The m o s t abwous pant of Interest I= 
the data given ,n Fq. 7 1s that 28 per cent of 
all recorded strakes occur on the wmdshleld. 

although the wmdshleld represents much less 
than 28 per cent of the total forward area of 
the airplane Sxn~larly, the 1 and 1 n g lights 
which represent only a very small iractlon of 
the forward area of the wmg leadq edge. and 
an even smaller fraction of the forward area 
of the ent,re airplane, received ilve per cent 
of all recorded str,kes an the airplane and 
about 18 per cent of all recorded strikes on 
the entlre wmg. 

The most obvmus explanatmn of t h e s e 
data 1s that the wmdshleld and landmg lqhts 

are more readily damaged by coll~smns with 
birds than the metallic structure of the al=- 
plane, so that strikes by smaller birds at these 
locatmns are more eiiectlve and more easily 
recogmeed. Bird strikes can be directly ob- 

served on the wndshleld, and are commonly 
reported even though no damage 1s Involved 
It 1s p r o b a b 1 e that many addItIona strikes 

mvolvmg small birds o c cur on the airplane 
structure generally but are not recognized or 

reported. 
A second pomt of considerable Interest 

in these partxcular data 1s the wide varlatlon 
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m the degree of damage sustamedatthe various 
general locatIons on the alrplane 

Of the 137 reported strikes on the wmd- 
s hleld, 43 per cent caused some degree of 
damage and 32 per cent caused severe crackmg 
or penetratmn, as noted In Table III A total 
of 14 strikes, or approximately 10 per cent. 
resulted m penetration of the winds hleld, 
causmg the bird and broken glass particles to 

enter the cockplt In five cases lnvolvlng 
penetratron, the cockpltpersonnel were cut by 
flymg glass and ma few cases were struck by 
the bird Damage rated as severe, but where 
nopenetratIon occurred. generally resulted m 
glass splmters being thrown mto the cockpit 

Approximately nme per cent of all recorded 
bird strikes onthe axrplane were on the wind- 
shield and caused severe damage, and three 
per cent of all recorded strikes onthe alrplane 

resulted in wmdshleld penetration 
In manymstances where severe damage 

to the wmdshleld occurred, the cockplt per- 
sonnel were sufflclently mjured to r e q u 1 r e 
hospltallzatlon. No mstance of fatal 1 n] u r y 
resultmg from a bird strike m commercial 
alrlme operatmn 1s known However, several 

unexplamed fatal crashes mvolvmg commer- 
cial a 1 r c r a i t have occurred m which this 

cause wvas suspected, and numerous records 
of iatalltles and alrcraft c r a s he s resulting 
from bird colllslon exist m mlhtary alrcrait 
operations. 

In contrast to the severity of damage 
caused by bird s t r 1 k e s on the wIndshIeld, 

strikes on the fuselage. although practically 
equally numerous, usually caused no damage 
or only moderate damage Only three per 
cent of all recorded strikes on the fuselage 
caused damage rated as severe 

Most of the bird strikes on the fuselage 
r e s ul t e d ln mmor dents around the nose of 

the alrplane. In certain cases deep dents were 
found In the nose, and ln a few cases, pene- 
tratlon of the nose skm occurred A few In- 

stances of strikes along the side of the fuselage 
were recorded, and m one Instance, a cabm 
wmdow was reported as broken by & buzzard. 

Recorded bird strikes on the airplane 
wmg most commonly resulted In m ad e r ate 
damage, with 23per cent causmg severe dam- 
age and 25 per cent causing no damage The 

strikes causmg severe damage involved 
mayor local bucklmg of the wmg leading edge 
and ribs, and m several cases resulted m 
penetratmn of the leading edge structure with 
the carcass of the bird bemg found In the wmg 
Interior. In some such cases, mterierence 
with control cables resulted. Bird strikes of 

m ode r ate mtenslty on the wmg resulted In 
dents in the skin on the leadmg edge or tearmg 
of the de-leer boot 

Of the colllslons Involving the wmg land- 
mg 11 ght s, 96 per cent are m the “severe” 
category and four per cent m the “no damage” 
category, w.rh no strikes at this location 
classliled as causmg moderate damage. In 
most cases, the bird caused major crackmg 
or penetration of the glass cover and seldom 

TABLE III 

DAMAGE TO WINDSHIELD AND INJURY TO PERSONNEL 
RESULTING FROM BIRD STRIKES ON WINDSHIELD 

PERCENT OF ALL WINDSHIELD STRIKES 

NO 

DAMAGE 

57 

MODERATE SEVERE DAMAGE 

DAMAGE 
NO 

PENETRATION PENETRATION 

NO 
INJURY INJURY 

11 22 6 4 
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slid off wIthout damagIng the glass 

Bird unpact on the engine and propeller 
unit resulted I” severe damage 1” 28 per cent 
of the strikes recorded for th,s locat,o”, and 
I” moderate damage for 26 per cent 

Normally, the damage sustamed by the 
powerplant ““lt was not sufflclent to cause 
shut-down of the engine However, I” three 
instances the alrscoap for the carburetorwas 
,ammed by a bird In one such case, a” engine 
f a 11 e d on take-off, and I” another case, the 

engine could not be Idled 
No damage has bee” reported for any 

metal propeller, although birds frequently 
have hit propeller blades 

B,rd strikes on the nacelle have resulted 
I” broke” rocker arm housmgs, torn lgnltmn 
harness, loosened cowling I” the more severe 
cases, I” dents 1” the cowling, I” birds ladglng 
between cylinders or I” air Intake ducts I” 
less serious cases 

Strikes on other m,scella”eous portmns 
of the arcraft structure represent four per 
cent of all recorded strikes of which one-half 

caused serious damage This category con- 

s,sted manly of redlo antennae, rudder, 
vertical and horuontal stablllzers. landing 
wheels, ADF loop cases, and ,ce warning 
mdlcators The tall structule has bee” hit 
relatively few tunes, but one such strike by a 
large b,rd caused consIderable damage to the 
vertical stabllmer, and pa&al loss of rudder 
control 

In general, the data give” I” Fig 7 show 
that approxmately 24 per cent of all recorded 

bIrdstrIkes on aircraft result I” severe dam- 
age to some portlo” of the axplane structure 
About 37 per cent of the strikes lnvolvlng 
severe damage to the arcraft are o” the wmd- 
shield. Approximately 31 per cent of all 
strikes result I” moderate damage to some 
p ortlo” of the alrcraft structure. of which 
about one-tenth are on the wxndshleld Approx- 
mately45 per cent of all recorded strikes on 
the axplane result I” no damage 

TYPE OF BIRD RELATED TO 
DFCREE OF DAMAGE 

Data covering 211 bird strikes on al=- 
craft, relat,“g the type of bird mvolved 1” the 
coll,s,o” and the degree 01 damage reported 
for the var,ous portlans of the airplane struck, 
are g,ven II, Fq 8 The d,iferentmhan be- 

tween degrees of severity of damage 1s made 
accord,“g to the deflmtlons prewously give” 

A” especmlly mterestlng fact show” by 
these data 1s that only two bird strikes I”- 

volvmg buzzards, of which 44 were reported, 
occurred on the wmdshleld No explanatlo” 
of this unusual dlstrlbutlo” 1s emdent, although 

the size of the statlstlcal sample IS near 1 y 
the same as that for gulls where the d,strlbutlon 
of strikes on the airplane appears more 
normal 

The data give” I” Fig 8 1s regrouped 
and condensed I” Fq 9 to l”d,cate the extent 
of damage caused by each of three prmclpal 
weight groups There exists a reasonable 
carrelatlo” between the weight of b, r d and 
the severity of damage Forty per cent of the 

colllslons with large birds result ln severe 
damage to some portmn of the airplane, where- 
as 27 per cent of the med,urn weqht bl r d s 
and 23per cent of the light weqht birds cause 
severe damage Conversely, 54 per cent of 
the colllslons with l,ght weight birds c a u s e 

no damage, whereas 34per cent of themedlun 
we ‘g ht birds and 22 per cent of the large 
weight birds cause no dam a g e COlll~lO”S 
resulting I” moderate damage occur at “early 
the same rate as those resulting I” severe 
damage 

GEOGRAPHICAL DISTRIBUTION 
OF BIRD STRIKES 

A study of the locatlo” of each recorded 
b,rd strrke which has occurred I” the contl- 
“ental U”,ted States, I” relatlo” to the types 
ofb,rd hltand to the commonrnqrat~o” routes 

of birds, 1s of importance I” connectmn with 
the possible emstence of geograph,cal reglons 
where abnormal probablllty of bird s t r 1 k e 5 
maybe found. I” this connectlo” data covering 
321 reported collrs~ons, for wh,ch the locatmns 
are know” w,th r e a s on a b 1 e accuracy. arc 
show” I” F,g 10. 

Also plotted I” Fig 10 are the prlnclpal 
b,rd mlgratlo” routes across the UnIted 
States 2 The m,grat,o” paths indicated ex,st 
as actual bird routes at least 50 to 100 “ules 
I” wvldth. Although It 1s not mdlcated I” F,g 

2 
Fish and WIldlIfe Service. U 5 

Department of Interlo= 
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EXTENT OF DAMAGE 

F1g 9 Severity of Damage to Azrcraft Structures Caused by 
Bards of Various Weqht Groups 
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10, many mlgratlon routes terminate at varl- 
ous pomts I” the southern half of the Umted 
States and along the west coast where some 

varletles of northern birds remam during 
the wmter season III large numbers 

Examlnatlon of the mlgratlon p a tt e r n 

shows that the greatest concentration of movmg 
mIgratorybIrds may be expectedin the coastal 
regxans, III the Great Lakes region, along the 
Mlss~ss~ppl and MIssour Rivers, across the 
northern states from Mmnesota to Montana, 

and I” the lnte r 10 r valleys of Oregon and 
Callforma The blrdwmterlng areas also are 
assocIatedwIth concentrated local bird 
movements dunng the winter months 

The locatIon of recorded bird s t r 1 k e s 
are plotted m Fig 10 as closely as such 
lacatlons are known I” some 1**ta*ce* only 
the route between two cltles was reported for 
the strike locatlon In such case the pos,t,on 

of the strike 1s shown generally on the route 
lnd,cated It also 1s probable that some 

strikes reported at one city and mdlcated I” 
Fig 10 at the reported locatlon actually oc- 
curred along a” alrway approaching the city, 
and only were confIrmed and reported at that 

locatlo”. 
A factor prewouslydlscnssed concermng 

the completeness of reports submItted by one 
alrhne and the probable relative Incomplete- 

ness of reports from other alrlmes should be 
particularly consldered in connectlo” with the 
data g,ve” 1” Fig 10 As one a,rllne reported 
approximately 50 per cent of all r e c o r de d 
bird s t r I ke s shown, there 1s an artlflclal 
B r oup ~ng of reported bird strikes along a 
central east-west 11ne across the continent 
covered by operations of this company It 1s 

lndlcated that the relatively large number of 
blr d strikes reported by this company 1s a 
result of more complete reporting, r a th e r 
than a” actual greater number of bird strikes 

occurrmg in this particular area of operation 
An addltlonal factor which should be con- 

sidered I” analyzmg these data IS the effect 
of varlatlon III airway traffic density a 1 ong 
dllferent air routes It 1s to be expected that 
along routes of high traffic denelty, or around 

major cltles where Mann traffic routes con- 
verge and where many landings and take-offs 
occur, a large number of bird strikes ~111 be 
reported The exlstmg probability of an mdl- 
vldual a I r p 1 an e encounterIng a bird in this 
rc goon may be no greater than at other portlons 

oi the country The present data have not 

been analyzed In this connectlon because of the 
relatively small number of data relatmg to 
certun geographlcal areas 

The data give” I” Fig 10 show that the 
greatest number of reported bird strikes 
occur along the easter”coastfromWashmgton, 

D C to Boston, Massachusetts, m a north- 
central band from Ohlo through Iowa and 

MIssowl, m the general Colorado and Utah 
area. and I* the westernportlons of Callfornla, 

Oregon, and Washmgton A general scattering 
of strikes 1s found throughout the southern 
states with some concentration around prln- 
clpal air t r a f f 1 c centers. In the northwest 
border states few strikes have been reported 

The geographIca dlstrlbutlon of blr d 
strikes showni” Fig 10 correlates reasonably 
we 11 with the dlstrlbutlon of bird mlgratlon 
density, exceptfor the smallnumber of strikes 
found I* the northwest border states and the 
southern Mlsslss~ppl River area 

Fig 10 also shows the geographIca 
dlstrlbutlon of types of birds which were 
ldentlfled m coll~slon reports Bird strikes 
mvolwng ducks are not lImIted to any partlc- 
ular r e g 1 on of the country but occur m all 
area* However, as previously noted, the 
frequency of such strikes 1s apparently 
greater m localzed regions of high bird- 
mlgratlon traffic 

Bird strikes mvolv~ng gulls occur almost 
saLrly m the northern half of the country, and 
there prlnclpally along the east andwest 
coasts However, an appreciable number of 
ralhs~ons with gulls have been reported at 
~“te r I o r portIons of the country far from 
large bodies of water Only one gull strike 
has been recorded south of a lme connectmg 

WashIngton, D C and San Francisco. 
Callfornm 

Most of the rep o r t e d bird strikes I” 
which buzzards were I den tlf 1 e d occur I” 
Crntraland South America In the contInental 
Urntrd States, th? 51x bird strikes ~nvolvmg 
buzards are lxmlted to the extreme south,==” 
partmn of the country The mast northerly 

buzzard strike reported was I” northern 
Texas 

Three 01 the four reported 5 trtke 5 m 

the Urnted States mvolvmg heavy birds, I”- 
cludmg peese, 5 wan 5, and eagl?s, occurred 
XI th? we s t e r n mountainous rrglons One 
Such strike was reported on the lower 
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Reports concernmg other ldentliled 
types of birds Involved in axplane collrsmns, 

lncludlng hawks, mudhens, pheasants, and 
miscellaneous small birds, are too few I,, 
number to provide any sqnlflcant conclusmns 

regardq partxular geographxalareas whrre 
mrreased probablllty of quch strikes ml g h t 
rx1st Strikes mvolvx,g these miscellaneous 
birds are scattered farly umformly over the 

entIre country 
The general conrluslons resultme from 

these data are that the probablllty of hlttmg 

all common types of birds 1s greatest ,n 
locallred areas of hqh bird density d u r 1 n g 
mlgratlon seasony. that ducks may be 

commonly struck at all sectIons of the country, 
that greater probablllty exists of hlttmg gulls 
in the northern half of the Umted States and 
particularly along the coastalareas, that 
strikes mvolvmg buzzards are lmnted to the 

extreme southern states and to Central and 
South America, and that bxrd str,kes mvolvmg 
very large birds are more probable I,, the 
western mountau,ous sectIons of the country 

DAY AND NIGHT DISTRIBUTION 
OF BIRD STRIKES 

The data for bird strikes in which the 
type of bird was ldentifled are shown ln Fig 
11, and are classlfled accardmg to whether 
the strlke occurred durq hours of daylqht 
or darkness 

Eighty-one per cent of all , d e n t 1 f 1 e d 
ducks Involved ,n arcraft collls,on were hit 
durmg hours of darkness, and 92 per cent of 
ail ldentlfled buzzards were hit III dayllght 
Gulls were struck morn frequently durmg 
dayllght hours ,n a proport,on of three to two 
The a ve rage day and mght d,strlbutlon for 
all strikes reported ,s approxunately e qua 1 
for the two periods 

A factor which should be consIdered in 
evaluatmg these data 1s the higher density of 
airplane trafilc durq daylight hours Ii the 

data glvenwere welghted to include this factor, 
5ome increase mprobablllty ofmghtcollls,ons 
would be shown 

Although no breakdown of data has been 
made concernmg the severity of a c c 1 de nt s 

r?lated to the dayllght or darkness d,strlbutron, 
It appears that the most severe acc,dents 

have occurred at nl g ht. In partxular, txvo- 

thirds of the colllslons mvolwng entlre flocks 
of birds have occurred durq hours of dark- 
ness Of twelve collls,ons with duck flocks, 
ten occurred at mght, one at dawn, and one 

durmg dayhght hours 
The reasons for the dlstrlbutlon shown 

between colllslons occurrmg durmg day and 

night undoubtedly dre associated with the 
normal flymg and m 1 g rat 1 on hablts of the 
various types of birds In the case of birds 
which commonly fly at mght, the number of 

strikes may also be miluenc?d by the reduced 
ablllty of the birds and the airplane to awxd 
colhs~on durmg darkness Ducks normally 

fly at nqht during migration movrments, and 

gulls most often are a day-ilymg bxd. 

r 

- 

- 

- 

- 

Fq 11 Dlstrlbutlon of Strikes Involvmg Iden- 
tlfled Bird Types According to Occurr- 

ence Durmg Daylqht or Darkness 

CONCLUSIONS 

1 A total of 473 records of b,rd colll- 

slons with air carr,er aIrcraft in scheduled 
operations, occurrmg from a period previous 
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to 1942lhrough 1946, have been obtalned from 

reports furmshed by a,rlme operators. 
2 The use of data obtamed from one 

arlme, which submltted a reasonably cam- 
plete record of bird strlke5 occurrmg pi, its 
scheduled operatmns, mdlcates tha, all air- 
lln~s together reported less than one-fourth 
of such strikes It 1s mdlcatrd further that 

th? unreported strikes were of a sllghtlr less 
serlouq nature with regard to damage Incurred 
than the strikes which were reported 

3 The data show that a bl r d ma\ be 
expected to calllde with some port,on of the 

structure of an arcraft ln scheduled ali- car- 
rler operatmn each 759,000 m&s of fhght 
During 1946 this corresponded to one bird 
collls~on each 0 89 days 

4 Approarnately 28 per cent of all 

recorded bird strikes occur on the airplane 
wmdshxld, and one-third of the wIndshIeld 
strikes result in severe crackmg or penetra- 
tlon of the w,ndshleld panel 

5 An addItIona 15 per cent of all 
recoraed str,kes on the axplane r e s ul t I,, 

severe local damage to some portmn of the 
axcraft structure other than the wu,dshwld 
Operational dlfflcultles have resulted from 
5 uch damage, mcludq ,ammed carburetor 
axscoops, damaged control lmes, and torn 
control surfaces 

6 The greatest probabllltv of ~ncoun- 
trrmg birds occurs durmg the cprlng and fall 

bird mzgratory seasons, and at elevations 
less than 2000 feet above local ground level 

7 Ducks,wth averagewelght of dlifer- 

rnt sprc,es varymg from one pound to approx- 
mnatelv 5-l/2 lb, are most commonly hit 
Ducks are encountered at all portions of the 
country, at all normal flight altitudes of past 
a,r carrier operat,ons, and pr,ncq,ally durmg 
h o u r 5 of darkness Colllslon with ducks on 

the airplane wmdshleld usually cau~~es severe 
damage 

8 Culls. with average weight of different 
species varymg from approxmlately 2-l/2 to 

4 lb, ai-e the type of bird most commonly h,t 
other than ducks Gulls are encowtered prm- 

apally 1x1 the northern half of the Umted States, 
and most commonly in coastal areas GUllS 
are struck most frequentlv at low altitude and 
durq dayllght hours Impact of gulls on the 
wmdshleld usually results I,, severe damage 

9 Buzzards, of average weight of 4-l/2 
lb, are commonly h,t by alrcraft I,, South and 
Central Amer~a, and to some extent I,, 
southern portIons of the UnIted States Buz- 
zards are struck at altitudes less than 4000 
feet above local g r o u n d level and a lm o s t 
s o 1 e 1 y during dayllght hours. Only two I,-,- 
stances we r e recorded of buzzards strlkmg 

the wmdshleld, but severe damage was caused 
to wmg and nacelle structures 

10 A total of five coll~smns, or 1 1 per 
cent of all recorded strikes in the Unlted 
States,was reportedinwhlchblrdldentlficatlon 

was establIshed as a goose, swan or eagle 
Common var,et~es of these birds vary IF, 

average weight from 6 to 28 lb Although the 
number of reported collls~ans mvolvmg such 
birds 15 small, the probable severity of such 
colllslo” 1s great 

11 A total of 38 coll~xx~, or e ‘g h t 
per cent of all recorded strikes, mvolved an 
entIre flock of bxds, of which as many as sxx 

birds were struck snnultaneously 
12 No record exists of any fatallty in 

air c a r r 1 e r operations I,-, the Unlted States 

caused by colllslon of aIrcraft with birds How- 

ever, It has been suspected that several un- 
explaIned crashes were due to this cause, 
numerous fatalliles occurred from bxrd col- 
llslons durmg rmlltary ope ratmns in the recent 
war, and bird strikes u-,commerc~J operations 
have resulted in ser’lous damage to the al=- 
plane or m,u~ry to the p,lot 


